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TITLE OF THE INVENTION 

ERROR CORRECTION CODING APPARATUS AND METHOD 
CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the priority of Korean Patent Application No. 2002-62692, filed 
on October 15, 2002, in the Korean Intellectual Property Office, the disclosure of which is 
incorporated herein in its entirety by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0002] The present invention relates to an error correction decoding apparatus and method, 
and more particularly, to a decoding apparatus and method which can improve decoding 
performance by adjusting elements of a parity check matrix when implementing a low density 
parity code (LDPC) decoding algorithm. 

2. Description of the Related Art 

[0003] A low density parity code (LDPC) encoding method is an error correction coding 
technique used in wireless communications and optical recording and/or reproducing fields. 
LDPC encoding includes a process for generating parity information (additional information) by 
using a parity check matrix in which the same number of elements whose values are 1 are 
included in each row and column and the values of other elements whose values are 0. A 
detailed description of the LDPC encoding is disclosed in an article entitled, "Good Error 
Correction Codes Based on Very Sparse Matrices" by D.J. MacKay, IEEE Trans, on 
Information Theory, vol. 45, No. 2, pp.399-431, 1999. 

[0004] When element values of two elements positioned on the same row among a parity 
check matrix whose values are 1 , and elements having element value of 1 are positioned on 
each column where the two elements are positioned, a cycle-4 status results. FIGS. 2A and 3A 
show an example of a parity check matrix where such a cycle-4 status occurs twice. As shown 
in FIGS. 2A and 3A, each of the four elements whose element values are indicated by o and □, 
generate a cycle-4 status. In other words, in the cycle-4 status, four vertexes of a rectangle are 
formed by four elements having element value 1 . 
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[0005] Generation of parity information using a parity check matrix where cycles exist may 
make decoding impossible or lower decoding performance. 

[0006] A parity check matrix should satisfy two requirements: be linearly independent; and 
each predetermined number of elements whose values are 1 are included in each row and each 
column and the other elements whose values are 0. However, it is difficult to satisfy the two 
requirements and to remove cycles by generating a new parity check matrix or shifting locations 
of elements constituting a parity check matrix. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides an LDPC coding apparatus and method which can 
satisfy requirements by a parity check matrix by shifting locations of elements generating cycles 
among elements constituting a parity check matrix and can enhance LDPC decoding 
performance by generating a parity check matrix from which cycles are removed. 

[0008] Additional aspects and/or advantages of the invention will be set forth in part in the 
description which follows and, in part, will be obvious from the description, or may be learned by 
practice of the invention. 

[0009] In accordance with an aspect of the present invention, there is provided an error 
correction coding apparatus including: a parity check matrix generation unit which generates a 
parity check matrix having a number of elements having a value of 1 in each row thereof, having 
a predetermined number of elements having a value of 1 in each column thereof, and having 
the other elements having a value of 0; a parity check matrix adjustment unit which receives the 
parity check matrix from the parity check matrix generation unit, searches the parity check 
matrix for a cycle forming group of four elements positioned at respective vertexes of a 
rectangle and having a value of 1 , and when there is at least one cycle forming group, replaces 
the value of 1 of at least one element of the cycle forming group with the value 0 of another 
element, to output an adjusted parity check matrix without a cycle forming group therein; and an 
LDPC coding unit which receives the adjusted parity check matrix from the parity check matrix 
adjustment unit and receives an m-bit message word to perform LDPC coding. 

[0010] In accordance with another aspect of the present invention, there is provided an error 
correction coding method including: generating a parity check matrix having a number of 
elements having a value of 1 in each row thereof, having a number of elements having a value 
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of 1 in each column thereof, and having the other elements having a value of 0; receiving the 
parity check matrix, searching the parity check matrix for a cycle forming group of four elements 
positioned at the respective vertexes of a rectangle and having a value of 1 , and when there is 
at least one cycle forming group, replacing the value of 1 of at least one element of the cycle 
forming group with the value 0 of another element, to output a adjusted parity check matrix 
without a cycle forming group therein; and receiving the modified parity check matrix and 
receiving an m-bit message word to perform LDPC coding. 

[001 1] According to yet another aspect of the present invention, there is provided a computer 
readable medium encoded with processing instructions for performing an error correction coding 
method including: generating a parity check matrix having a number of elements having a value 
of 1 in each row thereof, having a number of elements having a value of 1 in each column 
thereof, and having the other elements having a value of 0; receiving the parity check matrix, 
searching the parity check matrix for a cycle forming group of four elements, the four elements 
positioned at the respective vertexes of a rectangle and having a value of 1 , and when there is 
at least one cycle forming group, replacing the value of 1 of at least one element of the cycle 
forming group with the value 0 of another element, to output a adjusted parity check matrix 
without a cycle forming group therein; and receiving the modified parity check matrix and 
receiving a m-bit message word to perform LDPC coding. 

[0012] According to yet another aspect of the present invention, there is provided an error 
correction coding apparatus including: a parity check matrix generator which generates a parity 
check matrix, having one or more rows and one or more columns, a number of elements of first 
value in each row and each column and a number of elements of a second value; a parity check 
modifier which searches the parity check matrix for a cycle forming group of four elements 
positioned at each of the vertices of a rectangle and being of the first value and, when at least 
one cycle forming group is found, replaces the value of at least one element of each of the one 
ore more cycle forming groups with the second value, to output a modified parity check matrix 
without a cycle forming group therein; and a low density parity code (LDPC) coder which 
receives an m-bit message word to perform LDPC coding and performs LDPC coding using the 
adjusted parity check matrix. 

[0013] According to yet another aspect of the present invention, there is provided a computer 
readable storage medium encoded with processing instructions for performing an error 
correction coding method including: generating a parity check matrix, having one or more rows 
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and one or more columns, a number of elements of a first value in each row and each column 
and a number of elements of a second value; searching the parity check matrix for a cycle 
forming group of four elements positioned at each of the vertices of a rectangle and being of the 
first value and, when at least one cycle forming group is found, replaces the value of at least 
one element of each of the one or more cycle forming groups with the second value, to output a 
modified parity check matrix without a cycle forming group therein; and receiving an m-bit 
message word to perform low density parity code (LDPC) coding and performing LDPC coding 
using the adjusted parity check matrix. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] These and/or other aspects and advantages of the invention will become apparent 
and more readily appreciated from the following description of the preferred embodiments, 
taken in conjunction with the accompanying drawings of which: 

FIG. 1 is a block diagram illustrating an error correction coding apparatus according to 
an embodiment of the present invention; 

FIGS. 2A through 2D show an example of a parity check matrix whose element values 
are adjusted by the parity check matrix adjustment unit shown in FIG. 1 ; 

FIGS. 3A through 3D show a case where element values of elements constituting a 
cycle forming group 4 cannot be shifted; 

FIG. 4 is a flowchart illustrating an error correction coding method performed by the error 
correction coding apparatus of FIG. 1; and 

FIG. 5 is a flowchart showing suboperations of operation 230 of the method of FIG. 4. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0015] Reference will now be made in detail to embodiments of the present invention, 
examples of which are illustrated in the accompanying drawings, wherein like reference 
numerals refer to the like elements throughout. The embodiments are described below in order 
to explain the present invention by referring to the figures. 

[0016] FIGS. 1 through 3D illustrate an error correction coding apparatus according to an 
embodiment of the present invention. 
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[0017] FIG. 1 is a block diagram illustrating an error correction coding apparatus according to 
an embodiment of the present invention. Referring to FIG. 1 , the error correction coding 
apparatus includes a parity check matrix generation unit 1 10, a parity check matrix adjustment 
unit 130 and a low density parity code (LDPC) coding unit 150. The parity check matrix 
adjustment unit 130 includes a matrix element check unit 131 and a matrix element shifting unit 
133. 

[0018] The parity check matrix generation unit 110 generates a parity check matrix C (not 
shown) including a number of elements whose values are 1 in each row and a number of 
elements whose values are 1 in each column, and including other elements whose values are 0. 
The parity check matrix C is a p*c matrix where p is a value corresponding to the number of bits 
of parity information, and c is a value corresponding to the number of bits of a codeword and 
equals the sum of p and m, that is, p+m. Here, m is a value corresponding to the number of bits 
of a message word. 

[0019] The parity check matrix C meets two requirements. That is to say, a column weight 
and a row weight should be kept constant in each row and each column. The column weight is 
the number of elements whose values are 1 included in each column, and the row weight is the 
number of elements whose values are 1 in each row. 

[0020] The parity check matrix C is linearly independent. If linear independence is not met, 
matrix operation cannot be performed using the parity check matrix C during decoding. 

[0021] For example, if p equals 100 and m equals 900, that is, c being equal to 1000, the 
parity check matrix C can be generated such that 3 elements whose values are 1 are included 
in each row, 30 elements whose values are 1 are included in each column, and the other 
elements are made to have a value 0. In this case, the parity check matrix C has a column 
weight of 3 and a row weight of 30. Here, the proportion of the column weight to the row weight 
is 1:10. However, it is to be understood that other proportions are possible 

[0022] The parity check matrix adjustment unit 1 30 receives the parity check matrix C from 
the parity check matrix generation unit 110 and searches for cycle forming groups each formed 
by four elements positioned at (w, x), (w, y), (z, x) and (z, y) and being 1 among elements of the 
parity check matrix C. As a result, if there is at least one cycle forming group, an adjusted parity 
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check matrix H, that is, a parity check matrix without a cycle forming group, is generated by 
shifting at least one element having element value 1 to another element having element value 0. 

[0023] In this embodiment, a cycle forming group is a set of elements constituting the parity 
check matrix C among elements of the parity check matrix C where four elements whose values 
are 1 form four vertexes of a rectangle. 

[0024] FIGS. 2A through 2D illustrate the parity check matrix C whose element values are 
adjusted by the parity check matrix adjustment unit 130. 

[0025] The matrix element check unit 131 (shown in FIG. 1 ) searches for a plurality of cycle 
forming groups existing in the parity check matrix C and outputs information on positions of 
elements constituting two cycle forming groups to the matrix element shifting unit 133. 

[0026] Referring to FIG. 2A, four elements whose element values are indicated by o and □, 
generate a cycle-4 status. For ease of explanation, the four elements indicated by □ are defined 
as a first cycle forming group, and the other four elements indicated by o are defined as a 
second cycle forming group. 

[0027] The matrix element check unit 131 outputs position information of the respective 
elements constituting the first cycle forming group, that is, (w1 , x1 ), (w1 , y1 ), (z1 , x1 ) and (z1 , 
y1), and position information of the respective elements constituting the second cycle forming 
group, that is, (w2, x2), (w2, y2), (z2, x2) and (z2, y2), to the matrix element shifting unit 133. 

[0028] The matrix element shifting unit 1 33 receives the two pieces of position information of 
each four elements constituting the first and second cycle forming groups and shifts at least one 
element value, thereby removing the cycle forming groups from the parity check matrix C. 

[0029] For a better understanding of the operation of the matrix element shifting unit 1 33, 
FIG. 2B illustrates a simplified parity check matrix C shown in FIG. 2A, the parity check matrix 
including the first cycle forming group, the second cycle forming group and surrounding element 
values, and having the other elements removed from the parity check matrix C. 

[0030] FIGS. 2C and 2D show examples of the shift of elements constituting a cycle forming 
group in a simplified parity check matrix. 
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[0031] Referring to FIG. 2C, an element having element value 1 of the first cycle forming 
group is shifted from (1, 3) to (3, 3), and, of the two elements of the second cycle forming group 
existing on the third row to which the element of the first cycle forming group is shifted, the 
element positioned on (3, 1 ) is shifted to a first row where the first cycle forming group is 
originally positioned while maintaining the value of the column, that is, 1, thereby being shifted 
to(1, 1). 

[0032] Referring to FIG. 2D, an element having element value 1 of the first cycle forming 
group is shifted from (2, 3) to (3, 3), and, of two elements of the second cycle forming group 
existing on the third row to which the element of the first cycle forming group is shifted, the 
element positioned on (3, 1 ) is shifted to (2, 1 ). 

[0033] As shown in FIGS. 2C and 2D, two cycle forming groups are removed by shifting the 
elements whose values are 1 forming the respective cycle forming groups, and the two 
requirements by a parity check matrix are satisfied, thereby generating a new parity check 
matrix H. 

[0034] According to this embodiment, elements having element value 1 of each cycle forming 
group are vertically shifted such that only values of rows are changed while element values of 
the column are retained, thereby achieving the same effect as that achieved by horizontally 
shifting elements having element value 1 of each cycle forming group. 

[0035] As described above, however, as elements having element value 1 are shifted, a new 
cycle forming group may be undesirably generated. 

[0036] FIGS. 3A through 3D show a case where element values of elements constituting a 
cycle forming group 4 cannot be shifted. 

[0037] FIG. 3A shows a parity check matrix C in which each four elements indicated by o and 
□, generate a cycle-4 status. Four elements indicated by □ belong to a first cycle forming group, 
and other four elements indicated by o belong to a second cycle forming group. Elements 
which do not belong to the first and second cycle forming groups and have element value 1 are 
indicated by a symbol. 
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[0038] FIG. 3B shows a simplified parity check matrix including the first and second cycle 
forming groups and surrounding element values in the parity check matrix C shown in FIG. 3A 
and excluding the other elements. 

[0039] As described above, the matrix element shifting unit 133 shifts an element having 
element value 1 of the first cycle forming group of two cycle forming groups shown in FIG. 3B, to 
a row in which elements of the second cycle forming group exist, while element values of rows 
are changed on the same column. One of two elements of the second cycle forming group 
existing on the row to which one element of the first cycle forming group is shifted, is shifted to 
the row in which elements of the first cycle forming group originally exist. 

[0040] Referring to FIG. 3B, the element having element value 1 of the first cycle forming 
group, the element positioned at (1 , 3), cannot be shifted to (1 , 1 ) because the element value 1 
exists thereat. The matrix element shifting unit 133 shifts elements constituting a cycle forming 
group to a desired position, or to another position at which there is no element value 1 if other 
elements having element value 1 exist. The matrix element shifting unit 133 shifts another 
elements if there is no position at which there is no element value 1 , to which elements of a 
particular cycle forming group can be shifted. 

[0041] FIG. 3C shows the case in which an element having element value 1 of the first cycle 
forming group, the element positioned at (2, 3), is shifted to (3, 3) and the element value 1 of 
one element of two elements of the second cycle forming group existing on a third row to which 
the element of the first cycle forming group is shifted, the one element positioned at (3, 2), is 
shifted to (2, 2). In this case, as indicated by a dotted line, there are four elements having 
element value 1 , that is, (1, 1), (1 , 5), (2, 1) and (2, 5), thereby generating a new cycle forming 
group. Therefore, the element positioned at (2, 3) of the first cycle forming group cannot be 
vertically shifted. 

[0042] FIG. 3D shows the case in which an element having element value 1 of the first cycle 
forming group, the element positioned at (2, 5), is shifted to (3, 5) and the element value 1 of 
one element of two elements of the second cycle forming group existing on a third row to which 
the element of the first cycle forming group is shifted, the one element positioned at (3, 2), is 
shifted to (2, 2). As indicated by a dotted line, since there are four elements having element 
value 1 (the elements positioned at (1, 1), (1, 5), (3, 1) and (3,5) ) a new cycle forming group is 
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generated. Therefore, the element positioned at (2, 5) of the first cycle forming group cannot be 
shifted to (3, 5). 

[0043] In the parity check matrix where the cycle shown in FIG. 3B occurs, shifting of any 
element in the cycle forming group always generates a new cycle. In this case, the matrix 
element shifting unit 133 requests position information of a new pair of cycle forming groups 
from the matrix element check unit 131 . The above-described operation is performed on the 
new pair of cycle forming groups, thereby removing two cycle forming groups. 

[0044] The matrix element shifting unit 133 repeatedly performs the operations until all cycle 
forming groups are removed. 

[0045] If all cycle forming groups are not removed or one cycle forming group is not removed, 
the matrix element shifting unit 133 transmits a signal requesting for generation of a new parity 
check matrix to the parity check matrix generation unit 110. 

[0046] The LDPC coding unit 150 receives a parity check matrix H without a cycle forming 
group from the parity check matrix shifting unit 133 and receives a m-bit message word kj (i=1, 
2... m), thereby performing LDPC coding. 

[0047] The LDPC coding unit 150 determines a matrix X satisfying the following equation: 
HxM = 0 



wherein X is a (m+p) *1 matrix 



\ x pj 
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[0048] Among elements of the matrix X, k 1f k 2 ,..., k m are message words of m bits and 
x 2 ,..., x p are parity information of p bits. Since kj (i=1 , 2... m) among elements of the matrix H 
and matrix X is known, the parity information Xj (i=1, 2... p) can be determined using the 
equation. 

[0049] The LDPC coding unit 150 outputs a codeword having parity information added to the 
message word and performs LDPC coding. 

[0050] An error correction coding method according to an embodiment of the present 
invention will now be described with reference to FIGS. 1 , 4 and 5. 

[0051] FIG. 4 is a flowchart illustrating an error correction coding method performed by the 
error correction coding apparatus according to the present invention shown in FIG. 1. 

[0052] In operation 210, the parity check matrix generation unit 1 10 generates a parity check 
matrix C having a predetermined number of elements having element value 1 in each row, 
having a predetermined number of elements having element value 1 in each column and having 
the other elements having element value 0. 

[0053] In operation 230, the parity check matrix adjustment unit 130 receives the parity check 
matrix C from the parity check matrix generation unit 110, searches for a plurality of cycle 
forming groups of four elements positioned at (w, x), (w, y), (z, x) and (z, y) among elements of 
the parity check matrix C and having element value 1 , and if there is at least one cycle forming 
group, changes element value 1 of at least one element of the cycle forming group into element 
value 0 of another element to output a parity check matrix H without a cycle forming group. 

[0054] In operation 250, the LDPC coding unit 150 receives the parity check matrix H without 
a cycle forming group from the parity check matrix shifting unit 133 and receives a m-bit 
message word kj (i=1, 2,...m) to perform LDPC coding. 

[0055] FIG. 5 is a flowchart showing suboperations of operation 230 shown in FIG. 4. 

[0056] In operation 231, the matrix element check unit 131 receives the parity check matrix C 
from the parity check matrix generation unit 110, searches for a plurality of cycle forming groups 
existing in the parity check matrix C and outputs information on positions of the respective 
elements of the first cycle forming group, that is, (w1 , x1 ), (w1 , y1 ), (z1 , x1 ) and (z1 , y1 ) and 
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information on positions of the respective elements of the second cycle forming group, that is, 
(w2, x2), (w2, y2), (z2, x2) and (z2, y2) to the matrix element shifting unit 133. 

[0057] In operation 233, the matrix element shifting unit 133 horizontally shifts one element 
Sy having element value 1 of the first cycle forming group (i=w1 or z1 and j=x1 or y1) to either (i, 
x2) or (i, y2), and shifts one element Q w having element value 1 of the second cycle forming 
group (k=w2 or z2 and I=x2 or y2) existing on a column to which Sy having element value 1 is 
shifted, to (k, j), thereby removing the first and second cycle forming groups. The matrix 
element shifting unit 133 shifts elements of a cycle forming group both horizontally and 
vertically, thereby achieving the same effect. In other words, one element Sy having element 
value 1 of the first cycle forming group (i=w1 or z1 and j=x1 or y1 ) is vertically shifted to either 
(w2, j) or (z2, j), and one element Q w having element value 1 of the second cycle forming group 
(k=w2 or z2 and I=x2 or y2) existing on a column to which Sy having element value 1 is shifted, 
to (i, I), thereby removing the first and second cycle forming groups. 

[0058] In operation 235, the matrix element shifting unit 1 33 repeatedly performs operations 
231 through 233 until all cycle forming groups are removed. 

[0059] The present invention may be embodied in a code, which can be read by a computer, 
on a computer readable recording medium. The computer readable recording medium includes 
all kinds of recording apparatuses on which computer readable data are stored. The computer 
readable recording media includes storage media such as magnetic storage media, e.g., 
ROM's, RAM's, CD-ROMs, magnetic tapes, floppy disks, optical data storage media, and carrier 
waves, e.g., transmissions over the Internet. Also, the computer readable recording media can 
be scattered on computer systems connected through a network and can store and execute a 
computer readable code in a distributed mode. 

[0060] As described above, in the aforesaid embodiment of the present invention, elements 
constituting cycle forming groups existing in parity check matrix are appropriately shifted, 
thereby keeping a column weight and a row weight of the parity check matrix constant to satisfy 
linear independence and removing cycle forming groups causing deterioration in decoding 
performance from the parity check matrix to enhance LDPC decoding performance. 

[0061] Although an embodiment of the present invention has been shown and described, the 
present invention is not limited to this embodiment. Rather, it would be appreciated by those 
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skilled in the art that changes may be made in this embodiment without departing from the 
principles and spirit of the invention, the scope of which is defined by the claims and their 
equivalents. 
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